Abstract: This paper studies China's stock market with respect to financial liberalization and international market interdependence after its accession to the WTO in 2001. Using the multifactor R-squared measure, we derive a normalized index to measure the impact of financial liberalization policies on stock market interdependence between China and the world. Some of China's financial liberalization measures, such as QFII and exchange rate reform, are found to have played an important role in increasing market interdependence. After the US credit crunch in 2007 and the world financial crisis in the following years, some anomalies were observed as China's stock market was more interdependent of the global market than the US stock market in some specific periods. These anomalies may have been related to the former's overreaction and economic overheating.
Introduction
Recent decades have witnessed increasing interdependence of equity markets among developed and/or developing countries, as market co-movement has been popularly observed.
A spate of international financial crises, in particular, the Mexican crisis in 1995, the Asian crisis during 1997-98 and the Russian government default in 1998, as well as the US subprime mortgage crisis in 2008, have testified that international equity markets are more likely to be interdependent.
Apart from many other factors, such as 'contagion' effect, economic integration as well as the similarities of market characteristics (Pretorius, 2002; Walti, 2011) , financial liberalization plays an important role in increasing market interdependence. Financial liberalization to some extent can accelerate the pace of volatility spillover across country borders, and therefore, can enhance market co-movement. Consequently, a persistent issue in the field of international finance is which kind of financial liberalization measures, and to what extent, these can influence market interdependence?
To answer these questions, this study provides some supportive evidence from China's stock market. This market has a history of more than 20 years but was not liberalized until the Using the principal component analysis (PCA), this study employs the multi-factor R-squared measure proposed by Pukthuanthong and Roll (2009; to examine stock market interdependence between China and the world. This measure avoids both the bias caused by non-stationarity of variables and the multicollinearity problem in regression analysis. As market interdependence is time-varying, we derive a normalized index treating market interdependence between the US and the world stock markets as a benchmark. Compared to the non-normalized index used by Pukthuanthong and Roll (2009; , the normalized index provides more precise information, especially when analyzing the impact of financial liberalization on stock market interdependence between China and the world. This paper contributes to the literature in the following ways. Firstly, it develops a normalized index to measure market interdependence. The normalized index addresses the relative importance of benchmark market and to a large extent minimizes the potential effects of external (global) shocks from internal (domestic) factors. Although this index cannot completely isolate the impact of external factors, it sheds some light on relevant issues, in particular, those analyzing the impact of domestic reforms on cross-market interdependence.
Secondly, it provides a time series on stock market interdependence between China and the world, making it possible to analyze the impact of financial liberalisation in China's post-WTO accession period in a systematic way. Using the estimated time series on interdependence, this paper examines if and to what extent financial liberalisation has altered China's international stock market interdependence. Lastly, it examines China's stock market interdependence at the global rather than country level.
This rest of this paper is organized as follows. Section 2 introduces briefly China's financial liberalization in practice with reference to the stock market. Section 3 reviews previous literature on the subject. Section 4 presents the methodology. Section 5 presents the data, indexes and empirical results. The final section concludes.
Financial liberalization and China's stock market
The Shanghai and Shenzhen Stock Markets were established in December, 1990 to develop a capital market in China. Initially, listed companies were only allowed to issue "A" shares, which were denominated in RMB and could only be traded by domestic investors.
The number of firms listed rose from 14 in 1991 to 2,342 in 2011 and the amount of capital raised from 0.5 to 712 billion RMB. The A-share market was regarded as an emerging market with distinct features, such as strong state intervention, low market transparency, high priceto-earnings (P/E) ratio, over-speculation, and "irrational" investors.
To attract international capital, listed firms were allowed to issue "B" shares in 1992. "B" shares were denominated in foreign currency and could be purchased by investors from Hong Kong, Macau, Taiwan, and any foreign country. The "B" markets, however, were never active and the total market capitalization was tiny. Although B shares traded at huge discounts relative to A shares, they were unattractive to foreign investors. Compared to A shares, the average discount rate increased from 25% in 1993 to 86% in 2001. In order to revitalize the B-share markets, the Chinese government resorted to many measures, such as lowering the stamp tax, allowing non-state-owned enterprises to issue B shares, and establishing B shares funds (Chen & Lu, 2007) . Unfortunately, these efforts proved unproductive and the Chinese government finally announced the opening of B-share markets to domestic investors on February 21, 2001 . Despite all these efforts, the B-share markets remained weak as only a few companies were listed after 2001 (Wang & Iorio, 2007) .
Another important opening approach is listing mainland companies on foreign stock markets (Lo & Chan, 2000) . The Hong Kong and New York Stock Exchanges are considered to be the most attractive places for mainland firms (Wang & Iorio, 2007 
Literature on financial market interdependence
Many studies have discussed financial market interdependence in terms of volatility spillover or market co-movement. Some studies focus on the return movement across markets, while others take into account both the first and second moments of equity prices (Mukherjee & Mishra, 2010) . Apart from examining the presence of market interdependence, some studies focus on the impact of special events, such as financial crisis (Arshanapalli & Doukas, 1993; Yang, Kolari, & Min, 2003; Darrat & Benkato, 2003; Morales & Andreosso-O'Callaghan, 2014; , financial liberalization (Beine & Candelon, 2011) and policy changes (Connolly & Wang, 2003; Jiang, Konstantinidi, & Skiadopolos, 2012) . Some studies manage to find the possible determinants and transmission mechanism, including trading patterns (Pirinsky & Wang, 2006) , cultural distance (Lucey & Zhang, 2010) , the great circular distance (GCD) between their financial centres (Chong, Wong, & Zhang, 2011) , information capacity and industrial structure similarity (Liu, 2013) , and information transmission (Kohonen, 2013) .
In the most recent literature, some consensus appears to be emerging although the nature and degree of financial market interdependence seems to differ widely, depending on the time period scrutinized and the markets involved. Firstly, market interdependence varies over time (Koch & Koch, 1991; Solinik, Boucrelle, & Fur, 1996; Hu, Lin, & Kao, 2008; .
Secondly, markets within a short geographic distance tend to display greater co-movement than those farther apart (Bracker, Docking, & Koch, 1999; Pirinsky & Wang, 2006; Chong, Wong, & Zhang, 2011; Eckel, Loffler, Maurer, & Schmidt, 2011) . Thirdly, market interdependence increases as economic integration intensifies, such as increased bilateral trade (Bracker, Docking, & Koch, 1999; Johnson & Soenen, 2002; Pretorius, 2002; Tavares, 2009; Walti, 2011; Abbas, Khan, & Shah, 2013) . Fourthly, market interdependence is most likely high in volatile bear markets (Longin & Solnik, 2001; Ang & Bekaert, 2002; Aityan, Ivanov-Schitz, & Izotov, 2010; Jinjarak & Zheng, 2014) . Lastly, there has been an increase in international market interdependence over the past three decades (Longin & Solnik, 1995; Bruno, Boucrelle, & Yann, 1996; Baele & Inghelbrecht, 2010; Aityan, Ivanov-Schitz, & Izotov, 2010) .
As far as China's stock markets are concerned, many studies primarily focus on the event of allowing China's domestic investors to purchase B-shares and examine its impact on the interdependence among domestic markets, such as A-, B-and H-share markets (Veiga, Chan, & McAleer, 2008; Qiao, Chiang, & Wong, 2008; Saleem, 2009; Weber & Zhang, 2012) . The B-share market reform has been generally found to strengthen the correlation and cointegration relationship between A-and B-share markets (Sun, Tong, & Yan, 2009; Chen, Buckland, & Williams, 2011) . Meanwhile, other studies examine the interdependence between China's and other regional markets. More closely related to this study are several empirical studies that examine the impact of China's domestic reforms on its stock market interdependence across countries. These studies generally show that China's financial liberalisation has played an important role in increasing its stock market interdependence with other countries. Luo, Brooks and Silvapulle (2011), for example, argue that the opening policy of allowing foreigners to invest in Chinese A-share market has increased the dependence between financial sectors of the Chinese A shares and other major Asian markets, especially Hong Kong and Singapore, but it does not hold for the one between China and the US. Similarly, Li (2012) regards that interdependence between the Chinese and other stock markets increased as a result of China's financial liberalisation, while the correlation between China and the US markets remains weak. Furthermore, Zhang and Li (2014) find that the stock market correlation between China and the US shows an upward trend, which can be attributed to China's financial liberalisation over the data period.
But they did not found a cointegration relationship between the Chinese and the US stock markets, even allowing for structural changes. As pointed out by Glick & Hutchison (2013) , however, China's economic power and trading activities, rather than financial liberalisation, have played a dominant role in increasing its equity market correlation with other Asia countries.
Although existing literature provides valuable insights into market interdependence, most studies only examine the effects of financial liberalisation on stock market interdependence at the country (or regional) level. As China's financial liberalisation mainly concerns the relaxation of ownership restriction on international investment, irrespective of its domicile, such country (or region) oriented studies can hardly uncover the overall impact of China's financial liberalization on market interdependence. This study attempts to fill this literature gap from a global perspective. By taking the interdependence between the US and the global stock markets as a benchmark, the external global shocks can be minimized to a large extent while the internal influence of China's domestic reforms can be measured as a time series of normalized degree of market interdependence.
Admittedly, a limitation of this study, just like many others in this field, arises from discerning the effects of financial liberalisation from that of other domestic policy refoms since they are tangled together. For ease of tractability, this study does not aim to dismantle those effects from each other, but to attribute the changes in the normalized degree of market interdependence to the dominant reforms jointly if there are more than one policy change occurring. To ease this limitation, the observation interval that determines the number of events to be examined in the event period should be selected as short as possible to separate China's domestic events from each other. The selection of observation interval is therefore a tricky issue in exploring the impact of financial liberalisation and needs to be discussed further below.
Methodology
In the existing literature, financial market interdependence is measured either by model-free statistics or by specific models accounting for complex relationships and effects, such as time lag, noise, and others (Aityan, Ivanov-Schitz, & Izotov, 2010) . The most popular methodologies can be categorized into four groups: (1) cross-market correlation coefficient, (2) the autoregressive conditional heteroskedasticity (ARCH) and the generalized autoregressive conditional heteroskedasticity (GARCH) models, (3) cointegration and Granger causality analysis, and (4) the vector autoregression (VAR), the generalized impulse response function (IRF) and the generalized variance decomposition (GVD) techniques (Forbes & Rigobon, 2002; Elyasiani & Zhao, 2008) . In empirical analysis, these methodologies are usually employed jointly to assess market interdependence comprehensively. Although these methods capture market co-movements and volatility spillover effectively, most of them (except the correlation coefficient analysis) can hardly offer quantitative degrees of market interdependence. As for the correlation coefficient method, there are also some drawbacks, such as underestimated results (Dumas, Harvey, & Ruiz, 2003; Carrieri, Errunza, & Hogan, 2007) and biased estimation (Kiranand, 2004) .
Recently the multi-factor R-squared measure has emerged as a promising method for examining market interdependence via the dynamic application of principal components The multi-factor R-squared measure can be conducted to examine market interdependence in terms of price co-movement using the following model. Country ′ market price is determined by:
where ( , ) is country ′ market price index in period , ( , ) a constant term, ( , ) sensitivity coefficient for ℎ global industry factor ( , ), ( , ) residual, and number of global industry factors. This model is based on the explanatory power of global industry factors on the price of one country's stock market. If this market is highly interdependent with the global stock market, its price will be explained by global rather than domestic industry factors.
The most influential global factors are obtained by the principal component analysis. The global industry factor ( , ) can be replaced by the ℎ main component, which can be converted from a matrix of the world stock market prices. To capture fundamental market interdependence rather than temporary linkage, ( , ) is adopted to an out-of-sample main component. In each period, eigenvectors (weightings) of main components are sorted by their eigenvalues in a descending order, multiplied by global industry sector returns in the subsequent period correspondingly to yield a set of out-of-sample main components. More specifically, the out-of-sample main components are obtained by multiplying global sector prices in the current period with the old weighting structure in the prior period correspondingly. Equation (1) can be rewritten as:
where ( , − 1) is the factor loading (i.e., eigenvectors or weightings) of the top i th main component in period − 1. As these main components are orthogonal to each other, there should be no multicollinearity problem with explanatory variables.
In Equation (2) the explanatory power of independent variables can be represented by the adjusted R 2 , defined as:
where ( , )and ( , ) are the sum of squares of residuals and the total sum of squares respectively, n is sample size, and is number of regressors in the linear model excluding the constant term. As the adjusted R-square ranges from 0 to 1, it is a good indication of stock market interdependence between country j and the world. If this index is lower, for example, it means that country j′s stock market price is less driven by global industry factors, or vice versa. This study specifies the adjusted R 2 to be the non-normalized index, denoted as (•). For example, (( , ), ) stands for the non-normalized index of market interdependence between China and the world while (( , ), ) is the nonnormalized index between the US and the world at time t.
As financial liberalization is not the only determinant of market interdependence, the degree of stock market interdependence between the US and the world is also time-varying, even though its stock market is generally regarded as the most influential and open one in the world. To mitigate the impact of other factors, this study uses stock market interdependence between the US and the world as a benchmark. A normalized index is constructed, therefore, by dividing the non-normalized index between China and the world by the one between the US and the world as specified in equation (4).
where (( , ), ) represents the normalized index of market interdependence between China and the world at time . A higher value of ( , ) represents a higher degree of market interdependence between China and the world relative to the one between the US and the world. NI(C, W) takes the value of 1 when ( , ) equals I( , ).
Empirical analysis

Indices and data descriptions
After comparing several alternative data sources, this study chooses sector indices of the world stock market in level 3 as defined by DataStream, a division of Thomson Financial, to represent the world stock market. Each of these sector indices represents a certain industrial sector, such as oil and gas production. These sector indices, instead of individual stocks, appear to possess the broadest coverage and the most availability within the objective market.
In level 3 the DataStream database provides 39 sector indices for the world stock market.
Main components influencing the world stock market are extracted from these sector indices by the principal component analysis. This study employs sector indices in the form of Return Index, which includes reinvested dividends. More detailed information about sector indices of the world stock markets are provided in Table I this study does not employ them until they are available. As the daily price provided by
DataStream is not truly market determined, this study discards any price unless both the US and China stock markets actually traded on the calendar day. Given the huge number of observations, this is a simple and safe way to obtain 'usable' paired daily prices. The retained 'usable' values are normalized to the same base and transferred into weekly average prices to reduce the volatility of daily prices. Meanwhile, all sector indices in local currency are converted into the US dollar to alleviate exchange rate noise.
Empirical results
This subsection reports the main findings of the empirical analysis, including (1) the non-and normalized indexes of stock market interdependence; and (2) the impact of China's financial liberalization reforms on the stock market interdependence between China and the world.
To mitigate the tangled effects of various domestic reforms, the length of observation interval is selected as 6 months. There is only one event occurring in the event period for most of the cases while the maximum number of events is 2 for others by this setting. This selection is also believed to balance well the trade-off between capturing the impact of financial liberalization on market interdependence and detecting the changing levels of market interdependence over time. The former aspect requires that the observation interval is long enough to allow financial liberalization events to take effect. Other reforms suspected of taking a longer time to take effects, for example, the Split-share Structure Reform, are beyond the scope of this study. The length of observation interval is short enough to provide as many observations as possible for the full period. But this comes at the cost of reducing the number of observations in each time window. Since weekly average prices are formed to mitigate the volatility of daily prices, for example, there would be only 12 observations on average for each period if the length of observation interval were selected to be 3 months.
Once the length of observation interval has been selected as 6 months, the full sample of 11 and a half years is divided into 23 subsamples by a rolling window of fixed length.
Consequently, the multi-factor R-squared measure provides a dynamic version to capture the evolving pattern of market interdependence over time.
Meanwhile, to fully capture the fundamental linkage, this study retains the top 3, 4 and 5 main components respectively, which on average account for up to approximately 95%, 97%
and 98% of the cumulative eigenvalues correspondingly. The number of main components retained is somewhat arbitrary, tut it seems reasonable that most global shocks have been adequately captured by these industry groupings. Even if there is something omitted, it might not have much impact on the pattern of gauging market interdependence (Pukthuanthong & Roll, 2009) . For the exact percentages of variance, which are explained by the cumulative eigenvalues of the top 3, 4 and 5 main components respectively, the information is provided in Table II in the Appendix.
Non-and normalized indexes of market interdependence
Both the non-and normalized indexes of market interdependence are plotted in Figure 1 (A, B, C, D) and the exact values are presented in Table III in the Appendix. Meanwhile, in comparison with the non-normalized index of market interdependence between the US and the world, the non-normalized one between China and the world is normally lower and more fluctuated. That is to say, China's stock market is usually less interdependent with the world stock market than the US market. However, it is worth noting that in some cases the index of market interdependence between China and the world is higher than the one between the US and the world. These "anomalies" can be found in the Regarding the sudden rising-up of market interdependence in this period, it may be attributed to investors' overreaction to the event of opening the B-share market to domestic investors if a one-period lag is taken into account. Lifting ownership restriction to allow domestic investors boosted investors' optimism in the domestic market in the short term although it did not enhance market integration between China and the world in the long term.
On the one hand, the removal of ownership restriction led to market enthusiasm. As shown by a steep rise in B-share trading volume, for example, a huge inflow of domestic capital rushed into the B-share market (Bohl, Schuppli, & Siklos, 2010 (Sun, Tong, & Yan, 2009) . After the removal of ownership restriction the average increase in B-share prices was 158.6% while that of Ashare only 2.2% (Darrat, Gilley, Wu, & Zhong, 2010) .
On the other hand, against a background of market enthusiasm, to a large extent, domestic investors ignored two detrimental factors associated with this policy change. Firstly, B-shares were not under-valued in international markets although their prices were much lower than those of A-shares. Due to the relative high prices, information and transaction costs, B-shares proved to be unattractive to foreign investors. For example, there was a rather low market capitalization and liquidity of stocks listed on the B-share market (Bohl, Schuppli, & Siklos, 2010) . As various measures were found to be ineffective, the Chinese government opened the B-share market to domestic individual investors to vitalize this market. Secondly, arbitrage across A-and B-share markets could not take place in any real sense since short selling was prohibited in China, and the RMB was not freely convertible (Sun, Tong, & Yan, 2009 ).
Although there were high discounts between A-and B-shares prices, investors could hardly benefit from arbitrage across the two markets.
Optimistic investor sentiment pushed asset prices away from fundamentals and caused overreaction to the policy change. As noted by Wu (2011) of the firm's total equity capital. Similarly, foreign shareholders reduced their holding in the China International Marine Containers (Group) Co., the Wuxi Little Swan Co., the Guangdong Provincial Expressway Development Co., and so on (Sun, Tong, & Yan, 2009 ).
Foreign investors may withdraw from B-share market and purchase equities in other markets as they tried to balance their portfolio. This might lead to an increase of market interdependence irrespective of fundamental change in cross-market linkage.
In stage 2 the normalized index of market interdependence jumped sharply from 0.329 to 1.177, and then declined steadily to 0.562 in the following one and a half years. foreign trading is identifiable in many emerging markets (Chang, 2010) . On the other hand, foreign institutional investors are more likely to be subject to volatility overseas than domestic investors in a partially segmented market, such as China. If domestic investors herd with foreign institutional investors, China's domestic market would be more likely to overreact to volatilities overseas. Therefore market interdependence could be increased greatly by market overreaction, especially in the initial entry period of QFII. As in this period domestic investors had sparse information on the trading behaviour of QFII, herding of domestic investors was more likely to occur. Inspired by this eye-catching policy change, domestic investors might have allocated more attention to information from overseas, which resulted in a quick response of China's stock market to overseas volatility, and therefore, an increase of market interdependence between China and the world.
Conclusions
This study mainly employs the multi-factor R-squared measure to gauge the degree of stock market interdependence between China and the world after China's accession to the WTO in Interestingly, some anomalies associated with the QFII programme and the outbreak of global financial crisis in 2007 are found that the interdependence between China and the world stock market was higher than the one between the US and the world in some cases. We suggest that the anomalies could have been caused by China's stock market overreaction and economic overheating. 
